Our perception of where touch occurs on our skin shapes our interactions with the world. Most accounts of cutaneous localisation emphasise spatial transformations from a skin-based reference frame into body-centred and external egocentric coordinates. We investigated another possible method of tactile localisation based on an intrinsic perception of 'skin space'. The arrangement of cutaneous receptive fields (RFs) could allow one to track a stimulus as it moves across the skin, similarly to the way animals navigate using path integration. We applied curved tactile motions to the hands of human volunteers. Participants identified the location midway between the start and end points of each motion path. Their bisection judgements were systematically biased towards the integrated motion path, consistent with the characteristic inward error that occurs in navigation by path integration. We thus showed that integration of continuous sensory inputs across several tactile RFs provides an intrinsic mechanism for spatial perception.
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Introduction
When you are moving around a dark room at night, without visual landmarks for identifying your position, you can nevertheless know where you are in space, by computing how you have moved around the room. For example, you could count the number of steps you take, and the direction and extent of any turns. This implicit sense of space can be built based on a mechanism of 'path integration', also known as 'dead reckoning'. A large body of literature has shown that animals use selfmotion information to update their current position, and to compute information about distance and direction between external locations (Mittelstaedt & Mittelstaedt, 1980) . This computation is thought to be performed by 'grid cells' in the entorhinal cortex that encode spatial relations in a grid-like allocentric coordinate space (Doeller, Barry, & Burgess, 2010; Hafting, Fyhn, Molden, Moser, & Moser, 2005; Killian, Jutras, & Buffalo, 2012; Yartsev, Witter, & Ulanovsky, 2011) . Interestingly, the mechanism of path integration is thought to mediate other functions besides navigation of external space. For instance, a recent study suggested that the human brain also uses a grid-like spatial code to organise abstract conceptual knowledge (Constantinescu, O'Reilly, & Behrens, 2016) . Here, we investigated whether people may use a form of tactile path integration as a way of localising objects moving across a grid-like organisation of receptive fields (RFs) on the skin.
Historically, psychologists have thought about tactile spatial perception as involving an entirely different mechanism, in which the labelled lines of topographically organised projections in the central nervous system provide absolute location information. The question then arises of how neural activity within a particular labelled line leads to a spatial experience of 'there-ness'. According to local sign theory (Lotze, 1884), neural activity in each nerve fibre becomes associated with an orienting movement, such as a saccade, to the corresponding location. The association with the movement is supposed to generate the spatial quality of experience (see Rose, 1999) . On this view, cortical topography would allow absolute spatial location to be perceived directly, as a readout of the somatotopic map in primary somatosensory cortex (Penfield & Boldrey, 1937; Penfield & Rasmussen, 1950) . However, the view that cortical topography in and of itself suffices to perceive the absolute location of a tactile stimulus seems computationally unsatisfactory and neuro-anatomically implausible. Indeed, simply propagating the topography from the receptor surface to the cortex cannot explain how we experience stimulation of a particular RF as specifying a particular spatial location. If the cortical map simply reduplicates the spatial organisation of the receptor array, this merely shifts the problem of local sign from the skin to the brain. Moreover, neuroanatomical findings clearly show massive convergence in the somatosensory pathway. For example, studies of rapid reorganisation 
